tumors. However, during the past two decades this confusion was eliminated, and clarification and restructuring became reliable with the introduction of the KIT protein expression in gastrointestinal stromal tumors (GISTs). Because most GISTs have an activating mutation in the c-kit proto-oncogene that leads to expression of KIT protein, the immunohistochemical stain for the KIT (CD117) is now used by pathologists to distinguish GISTs from non-GISTs mesenchymal tumors in gastrointestinal tract (2, 3) . This was the chief reason why epidemiologic studies of GISTs in Korea were unreliable before the 2000s. Based on the biological characteristics of this tumor, treatment with KIT/PDGFRa tyrosine kinase inhibitors, such as imatinib, can lead to complete or partial remission when the tumor is unresectable or in a metastatic setting (4) . Therefore, accurate pathological diagnosis is mandatory for proper treatment of patients with mesenchymal tumors of gastrointestinal tract. Recently, protein kinase C theta (PKC-q) (5) and DOG1 (6) over-expression in addition to mutation analysis of the c-kit and PDGFRa (7) were described as diagnostic markers for GISTs.
Despite remarkable progress in understanding and treating GISTs, pathologists still have a difficulty in classifying GISTs because of a lack of concrete diagnostic evidence to predict patient's prognosis. The incidence of GIST varies as reported in different studies from different countries (8) (9) (10) (11) . Gender, race, and location distribution of GISTs are also uncertain. Furthermore, there is no agreement on prognostic factors of GISTs. In 2002, National Institute of Health (NIH) reported a consensus approach in diagnosing GISTs (2) . The efficacy of the NIH criteria had been discussed, although it is commonly used in clinical setting. Recently, new diagnostic criteria in predicting prognosis of GISTs have been proposed by Miettinen et al in the Armed Forces Institutes of Pathology (AFIP) (12, 13) . It has caused some confusion with regards to the terminology used in cancer registration, and it became difficult to identify the actual incidence of malignant GISTs.
To create informative and standardized pathological reports of GIST, we need to evaluate contents of pathology reports collected nationwide and to identify significant factors that predict the prognosis. We previously analyzed pathological characteristics of GISTs and described the pitfalls in interpretation of KIT expression as well as pathological diagnosis of GISTs (14) through a nationwide study of GISTs in Korea from 2001 to 2002 (14) . One outstanding phenomena found in previous research was that small intestinal and esophageal GISTs were more common in Korea than in Western countries, but the incidence and prognostic factors of GISTs in Korea have not been made clear yet.
In this study, we firstly described the population based incidence of GIST in Korea. Then, we identified pathological characteristics that should be mentioned in pathology reports of GISTs to predict patient's prognosis and evaluated the efficacy of the NIH and AFIP classification criteria. Data obtained from this nationwide multi-institutional study may provide an insight in the epidemiological characteristics and prognostic stratification of GISTs in Korea.
MATERIALS AND METHODS
Population based incidence of GISTs in Korea: Review the data of the National Cancer Institute Registry To identify the population based incidence and trends in epidemiology of malignant GISTs in Korea, we reviewed all data collected by the Korean National Cancer Institute (NCI) and correlated the data with the population information of the Korea National Statistical Office. All tumors in the NCI Registry were identified by the International Classification of Disease for Oncology (ICD-O), 3rd edition, from the World Health Organization (WHO).
Reviewing pathology reports from 38 hospitals in Korea, 2003 Korea, -2004 For survival analysis, we retrospectively collected nationwide multi-institutional data of pathology reports diagnosed as GISTs 
Data collected from pathology reports
We collected data of age, gender, primary tumor location, tumor size, mitotic count, diagnosis, stage, and immunohistochemical findings (c-kit, desmin, actin, s-100, CD34) in patients, if they were described. Then, we evaluated the contents of pathology reports. GIST locations were categorized into esophagus, stomach, small intestine, large intestine, and extra-gastrointestinal areas. Follow-up data were taken from the Korea National Statistical Office. All the data were employed to perform an anonymous and aggregate statistical analysis.
To estimate prognostic significance of the classification schemes of GISTs, each tumor was re-classified the basis of descriptions in the pathology reports. The used diagnostic criteria were those proposed by the National Institutes of Health (NIH) GIST Workshop (2001) and the AFIP (2002). The NIH criteria includes four risk groups; very low risk (<2 cm and <5 mitoses/50 HPF), low risk (2-5 cm and <5 mitoses/50 HPF), intermediate risk (<5 cm and 6-10 mitoses/50 HPF or 5-10 cm and <5 mitoses/50 HPF), and high risk (>5 cm and >5 mitoses/50 HPF or >10 cm regardless of mitotic activity or >10 mitoses/50 HPF regardless of the tumor size). On the other hand, the AFIP criteria (2002) includes three groups; benign (stomach ≤5 cm and <5/50 HPF; intestine ≤2 cm and <5/50 HPF), uncertain or low malignant potential (stomach >5 cm and ≤10 cm and <5/50 HPF; intestine >2 cm but ≤5 cm and <5/50 HPF), and malignant (stomach >10 cm or ≥5/50 HPF; intestine >5 cm or ≥5/50 HPF).
Statistical analysis
Data were presented as numbers (%) for categorical variables. To estimate the association between eligible variables and mean survival time, the Kaplan-Meier test was applied together with the log-rank test to compare various groups. We conducted the Cox proportional hazard regression analysis to estimate hazard risk ratios and 95% confidence intervals (CI) of the possible risk factors for survival after adjustment in age and sex. The SPSS (version 13.0) was used for statistical analyses. A P value of <0.05 was considered statistically significant.
Year
Mid-year population 
RESULTS

Population based incidence of malignant GISTs in Korea
There were 1,233 cases of malignant GISTs in the National Cancer Institute (NCI) Registry from 1999 to 2005 (Table  1 ). Table 1 shows the incidence of malignant GISTs in comparison with all malignant tumors registered. There was a big shift in GISTs incidences between 1999 and 2002 and also from 2003 to 2005, while the incidence of all malignant tumors was almost the same during the same time. Extra-gastrointestinal GISTs (8.3-8.7%) showed to be more common than esophageal GISTs (0.7-1.1%).
Characteristics of GISTs: nationwide collection from 38 hospitals in Korea during [2003] [2004] We collected 1,227 pathology reports from the 38 participating hospitals from January 1, 2003 to December 31, 2004. The characteristics of GISTs and contents of pathology reports collected nationwide are shown in Table 2 . The range of patient age was from 11 to 86 yr old (mean 57.83±12.62); 5 (0.4%) was in their 1st decade, 20 (1.6%) in 2nd, 87 (7.1%) in 3rd, 200 (16.3%) in 4th, 302 (24.6%) in 5th, 382 (31.1%) in 6th, 210 (17.1%) in 7th, and 21 (1.7%) in 8th. Male to female ratio was 1 to 1.7. The most common location of tumor was stomach. Extra-gastrointestinal locations were omentum and mesentery (45.1%). Then, pelvis (9.8%), intra-abdominal (34.3%), retroperitoneum (3.9%), abdominal wall (3.9%), and pancreas (3%) were found to be occurring sites of extragastrointestinal GISTs. Liver (46), lymph node (9), bone, lung, spleen, diaphragm, and so on were found to be metastatic sites of GISTs. One hundred cases (8.2%: 3 in the esophagus, 85 in the stomach, 8 in the small intestine, 1 in the large intestine and 1 in extra-gastrointestinal) were incidentally found during operations for other diseases. More than 90% of the tumors showed the result of c-kit immunostain in pathology reports in contrast with CD34, actin and s-100 protein in which about 80% were found to have. Almost all GISTs, which provided the results of immunostains, were c-kit positive (96.2%). The relationship between tumor location and malignancy, defined by variable criteria are presented in Tables  3-5 .
The incidence of gastric GIST was slightly increased in ages older than 60 yr, in contrast to decreases in the incidence of the small intestinal GISTs. However, the location of tumor was not significantly related with patient's age (P=0.083). In general, it showed male preponderance. Esophageal, large intestinal, and extra-gastrointestinal GISTs were more common in males than in females, but gastric GISTs were more common in females (P=0.027).
In the collected pathology reports, GISTs were classified by the NIH criteria (55.4%), the AFIP criteria (41.7%), and other (2.9%). To compare the prognostic value of the diagnostic criteria, we re-classified each GIST by the NIH criteria as well as the AFIP criteria based on the descriptions in the pathology reports, including tumor, size, location, and mitosis (Tables 3, 4 ). About half of the GISTs in our study were malignant according to the AFIP criteria. Benign tumors were common in stomach in contrast to malignant tumors which were more common in intestinal and extra-gastrointestinal areas (P=0.000). High risk tumors, as classified by the NIH criteria, were also more common in the small and large intestinal and extra-gastrointestinal locations than in Table 5) . However, statistical analysis was not available due to the small number of tumors in some categories. As shown in Table 5 , tumor size was correlated with mitosis. In the group with mitotically active GISTs, gastric tumors tend to be small in size compared with tumors in intestine, extra-gastrointestinal areas, and esophagus. The description of tumor necrosis, vessel and mucosal invasions, and histologic type were found only in 21.5%, 8.5%, 11.8%, and 65.6% of pathology reports collected for this study, respectively.
Survival analysis
During the follow-up study period, we found that 102 patients died as a result of GISTs. Most GISTs, which caused mortality, were malignant (80.4%) or high risk (66.7%). However, 1.8% of benign or uncertain malignant tumors and 6.9% of very low risk, low risk or intermediate tumors led to mortality. In the same risk group by the NIH criteria, the incidence of patients, who died of the diseases, was higher in small intestinal and extra-gastrointestinal GISTs than gastric ones. The malignant GISTs by the AFIP criteria also demonstrat- ed a higher mortality rate. All the variables except for smooth muscle actin immunoexpression that was significantly correlated with the survival were analyzed in this study with univariate analysis (Figs. 1-4) . In ages older than 60 yr, male gender, small intestinal and extra-gastrointestinal location, larger than 10 cm in size, and mitosis more than 5/50 HPF pointed to poor survival rate. All histopathological variables analyzed in the study: mucosal and vessel invasions and necrosis were significantly related with the survival (Fig. 2, P=0 .000, P=0.000, and P=0.000, respectively). Spindle cell type tumors showed a better prognosis than mixed, epithelioid, and pleomorphic cell types (Fig. 2, P=0.016 ). In the classification of GISTs by the NIH criteria, there was no prognostically significant difference between very low and low risk versus intermediate risk tumors, but high-risk tumors pointed significantly to a shorter survival time (Fig. 4, P=0.000) . According to the AFIP criteria, the median survival time of malignant tumors was significantly shorter than those of benign and uncertain malignancy (Fig. 4, P=0.000) .
In multivariate analysis, tumor location, patient's age, malignant GISTs by the AFIP criteria, and stages of tumors showed Time (months) C Negative (n=620)
Positive (n=351) significant correlation with the prognosis (Table 6 ). People with tumor sizes more than 2 cm were more likely at an increased risk of death compared to those with tumor sizes less than 2 cm, but this data was statistically not significant (P= 0.247). In terms of tumor location, the risk was 1.985 and 2.423 times higher in small intestines and extra-gastrointestinal than in stomachs (P=0.030 & 0.014), but the risk in large intestinal GISTs was not higher (P=0.602). Malignant GISTs by the AFIP criteria revealed a 6.211 times higher risk of mortality compared with benign and borderline ones (P= 0.027). The risk in aggressive behavior of GISTs by the NIH criteria slightly increased in intermediate tumors compared with very low and low risk GISTs (odds ratio=0.443 & 0.585), but this data was not statistically significant (P=0.524). GISTs limited to organs revealed better survival of patients than tumors, which invaded adjacent organs or metastasis. The immunoexpression of a-smooth muscle actin, CD34 and s-100 protein, necrosis, and mucosal and vascular invasions were not available for multivariate analysis because of the small number of results.
As a result of this study, the GIST classifications based on original tumor location together with size and mitosis is more efficient than the NIH criteria in predicting patient's survival. However, the mechanism still needs to be clarified through future studies. Time (months) 
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DISCUSSION
This is the first description of a population based on the incidence of GISTs in Korea. In the review of the Korean NCI Registry, we found a huge change regarding the incidences of malignant GISTs between 1999-2002 and 2003-2005 . For example, the incidence of malignant GISTs in 2003 (0.69 per 100,000 population) was a double that of 2002 (0.24 per 100,000), even though there were no significant changes in the incidences of all malignant tumors during the same time.
In regard with the change in incidences of GISTs, several historical backgrounds may be related with them. The main reasons of the incidence increase of GISTs during [2002] [2003] [2004] [2005] in Korea is related to an improved understanding of pathobiology, the treatment of GISTs, the introduction of schematic diagnostic criteria proposed by the NIH consensus workshop together with improved convenience of immunohistochemical staining for c-KIT. Changes in the GIST incidences similar to those in our study also has been described by Goettsch et al. (16) and Steigen and Eide (17) .
Since the NIH publication, which was unfortunately based on a consensus opinion rather than actual follow-up data (2), numerous additional pathologic and biologic variables have been evaluated as prognostic factors. In 2002 Miettien et al. (18) analyzed a large AFIP series of GISTs coupled with long term follow-up data and then proposed guidelines for the evaluation of GISTs malignancies. Taking the Korean NCI Registry in consideration, and including only tumors coded as having malignant behavior, the incidence of all GISTs in Korea can be estimated as 1.6 per 100,000 by the AFIP criteria. The proportion of malignant GISTs by the AFIP criteria was 43.1%. However, by the NIH criteria, the proportion of high-risk GISTs was 32.1%, and the incidence of GISTs was estimated 2.2 per 100,000. The incidence of GISTs have been previously reported at 1-2 per 100,000 population by Miettinen and Lastosa (3), 1.85-2.2 per 100,000 population in the United States by Fletcher et al. (2) , 2 per 100,000 population in southwestern Sweden by Nilsson et al. (9) , and 1.1 per 100,000 population in Iceland by Tryggvason et al. (10) . The incidence of GIST in Korea did not appear to be different from theirs.
In the review of pathology reports, we found that most hospitals in Korea used either the NIH criteria or the AFIP criteria to predict the prognosis of GISTs. The results of our study, different diagnostic criteria and terminology in two diagnostic schemes, may have created some confusion in classifying and estimating the incidence of GISTs. However, the identification of GISTs with poor prognosis is very important in the choice of treatment modality to improve the survival. We found a prognostic significance of the AFIP criteria in univariate as well as multivariate analyses. In our previous report on guideline for cancer registration, the intermediate and high risk tumors were regarded as malignancy. However, the guideline is based on a consensus opinion rather than an actual follow-up data (19) . In this study, the prognosis of intermediate risk groups of GIST by the NIH criteria was not different from those of the very low and low risk tumor groups when follow-up data were examined. Previously published reports also described no prognostic differences in intermediate risk GISTs and the very low and low risk ones (20) . In multivariate analysis of our study, the patients with intermediate and high risk GISTs were more likely to increase the risk of mortality compared with very low and low risk GISTs, but it was statistically not significant (P=0.325 and 0.548, respectively). It appeared to be appropriate that only highrisk tumors were regarded as malignant GISTs. However, a few patients with low and intermediate risk tumors died of diseases in our study. The prognosis of low and intermediate risk GISTs by the NIH criteria remains to be clarified through long term follow-up. The prognostic efficacy of the NIH criteria has been discussed by several researchers (9, 21) , and the modification of the NIH criteria (20) (21) (22) was published recently to improve the risk-based stratification of GISTs. The original NIH criteria adopted only tumor size and mitosis but the significance of tumor size and location was considered on AFIP criteria (12, 18) . The impact of the location of GISTs on the patient's survival is still controversial. Some investigators demonstrated a more aggressive behavior in intestinal GISTs than in gastric GISTs (9-12, 21, 23, 24) , while others found no differences in the patient's survival (25) . In the results of our study, the AFIP criteria as well as the original tumor location were prognostically significant in multivariate analysis. There seems to be several explanations for prognostic significances of the tumor location. Firstly, the prognostic significance of the tumor location may be related to early detection of gastric GISTs. This is supported by the fact that gastric GISTs were significantly smaller than the nongastric ones (10) . The results of our study demonstrated that the malignant GISTs by the AFIP criteria or high risk by the NIH criteria were far more common in the intestine and extragastrointestinal than in the stomach at the time of diagnosis. Secondly, Miettinen et al. recently reported the true biologic differences between gastric and non-gastric GISTs (26) . The mutation in exon 9 of the c-kit gene, which is related to more aggressive tumors, was reported to be more frequently found in small intestinal GISTs (24) . Although Park et al. (25) described that the tumor location was significant to predict the overall survival of patients in univariate analysis of 93 highrisk GISTs, but c-kit exon 9 mutations were not related with poor prognosis in Korean patients. In the data of patients, who died of the disease in our study, we found that the proportion of intestinal and extra-gastrointestinal GISTs were higher than gastric GISTs among the same categories by the NIH criteria. This means that the anatomical tumor location has to be related to a patient's survival but it remains to be clarified as to why. Furthermore, we found that three benign and two uncertain malignant GISTs by the AFIP criteria had mortality in this study. Therefore, further efforts to improve
